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COMPT.ETE SPECIFIGATIOBT. 
Improvements in Rock Drills and like Macliines. 

We, Gk>GTT Constanx£nesco, Eiigineer, of Underwood 8, TiichficJd Road, 
Kew Gardens, Liondon, and Waltku Hadhon, Tfingineer, of 132, Salisbury 

Square, Fleet Street, iondon, E.G., do liereby declare the nature of this inven- 
tion and in what manner the same is to be pei'formed, to be particularly 
6 described and ascertained in and by the following statement: — 

The present invention relates to the application, of methods of energy trans- 
mission by wave motion through liquids ivs deaci'ibcd in the Specifications of 
Xietters Patent No. 9029 of 1913 and No; 12,438 of 1914 to machines such as 
rock drills oi* analogous reciprocating machines. 
10 In the said specificatjons reciprocating devices are shown which are operated 
by wave motion thi*ough liquids contained in two ot more liquid colximna con- 
necting the generator witii tlie machine operated. 

The invention consists in a rock drill or like recipi*ocating apparatus operated 
at a distance from a power generator, by means of a series of periodic .variations 
15 of pressure and volume travelling along a single liquid column. 

The invention also consists in a rock drill or like reciprocating apparatus 
having springs co-opei-ating . with - the reciprocating pai*t, in such a manner as 
to form ^ condenser, adapted to counteract inertia- effects at the period of 
reciprocation employed. 
20 The invention further consists in combining with a rock drill operated as 
above described a condenser arran^<Ml to permit of a flow of liquid through, it. 

The invention also consists in "uie improved applications of transmission of 
power through liquid columns by wave motion' hereinafter describecl. 

The appai-atus required according to this invention comprises a suitable prime 
25 mover, driving a punip, a single line of pipe connecting the pump to a drill 
constructed as hereinafter described, ixnd if desired, a capacity consisting of a 
large vessel filled with liquid in connection with the pipe. For instance, in a 
plant adapted to drill a two-incli hole in hard rock, at the rate of about two 
inches' a minute, there may be employed an electix>motor of five horse-power, 
30 driving by a belt a pimip having a piston of diameter 1-| inches and u sti'oke 
of 2|^ inches. A bye-pass is provided by which the pump can l>e run up to speed 
without being placed in connection witli the pipe leading to the drill. In 
proximity 'with the pump, the.re may be provided a large vessel with rigid walls, 
and of a capacity of 640 cubic incites, a suitable cock being provided by which 
S5 the cjipacity can be cut off fi*om the line as desired. The connection with the 
drill is made through one-inch wought iron stc^^im pipe, a lengtli of 660 feet 
being used between the pump and the drill. The drill itself may be constructed 
* as hereinafter described and illustrd;ted . 

The operation of such a plant is as follows; — ^The motor is started up, and the 
40 pump run up to speed pumping thraugh the bye-pc^s, the speed of ilie motor 
being regulated to a given value, so that a given number of reciprocations of 
the pump takes i>lace per minute. In the plant liereinaftei* dcsci'ibcd, 500 
^reciprocations per minute are employed, and the initial presswe of the liquid 
(which may be water) in the pump and the liiie mav be 140 lbs. per squai-e ingh ^ 
IPrice edJi - 1 , ^ 
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Tlie cock connecting the capacity to the lino is noAv opened,^ and the bye-pass 
cock of the pump closed. The result is that the impulses given by tlie pump 
are communicated to the capacity and to tlie line, and each particle of liquid 
in the line will be set in reciprocating^ motion about a mean position. The Avnole 
mass of liquid in the line, however, will not i*ecipvocate as a whole, but a series 6 
of periodic changes of pressure and volume will travel along the pi]pe. The 
liquid in the neighbourhood of the piston is -aJteJ-nately compressed aud 
expanded, and the changes of pressnro and volume tmvol along tho lino with 
substantially the velocity' of sound in such a liquid column- 

It will be seen that tno working: of the apparatus thus depends on tlio com- 10 
pressibility and clnsticity of tho liquid in tho column, and that tho power is 
transmitted hy a trxie wave motion. la tho particular instance under considera- 
tion the wave length wonhl be jibout 500 feet. In the cxamjile -given , the lenjj'tli 
of the wave is substantially the distance between tlie pn.mp and the drill. Other 
distances, however, may be employed, suitable condeiisei's, as described in the 15 
Specification of Iiotteis 'Patent Ino. 12,438 of 1914, being employed to cou^iteract 
Uio inertia of any length of tho pipe beyond a multiple of the wave length, 

A part of the apparatus hereinafter desc]*ibed comprises a condenser adapted 
to allow a limited now of wator through it, and tho drills are constructed with 
apertures allowing the water to pass through them, so as to pi*ovide a si^-eam UO 
for washing out the borinjj. This leak, hoAvever, has no function in the driving 
of the drill. When the impulses have boon turned on to the line, as a-bove 
described, in order to start the drill, it is merely necessary to turn the cock, 
admitting the pulsations to the end of tho drill piston. The length of 8ti*oke of 
the drill will vaty according to the extent to which this cock is opened.' -26 

Heferriitg to the accompanying drawings — 

Figure 1 shows a condenser aiTanged to allow for a continuous flow of liquid 
between the venerator and receiver. 

Figure 2 shows a combined condenser and rock drill. 

Figure 3 is a section on the line X — -of Figure 2. 30 
Figures 4 and 5 sliow a generator armnged to drive two drills mounted on 
suitable stands. 

•In the condenser illustrated in Figure 1, the condenser chamber a is pi-ovided 
at tlie two ends with an. internally projcctin*^ cylindrical portion 6, h, lu which 
the ends of a hollow piston c slide. The hollow piston is closed at the two ends, 36 
and C4irries ia tho middle the projecting flange d, wliich aillows clearance 
between its circunifei-enco anil .the walls of the chamber a. This flange serves 
as the abutment for the springs e, Avhich normally keep the piston in tho 
moan position, as shown in tho top half of Figure 1 . The lower half of Figure 1 
shows the position at one end of the sti^oko. Ports /, t/. are provided at the two 40 
ends of the hollow piston, and ports hy are pi*ovided through the internally 
projecting sleeves This sleeve is of a diameter larger than will fit the piston 
at its ends, as shown at ajid it will be seen tJiat when the piston is at the 

end of its sfcrake, as illustrated in the lower half of Figure 1, there is a fre^. 
passage tlu-ou^h the cimdensor from the right han<l side round the annulus 46 
between the piston and the enlarged portion of the chamber hj through the 
points / and and around the flange rZ, through tlie port h at the left hand 
end , and so out through the other end of the chambei-. It will be seen there- 
fore that in this anangement, at the end of the stroke in each direction there is 
free passage for liquid through tlie condenser. 60 

Instead of providiup special means for allowing a leak at the ends of the 
stroke, as above describccl, the pistons may ho made a loose fit in the condenser 
chambor, so that there is a constant leakugo fmm one ojul to the other. 

In tlie rock drill illnstmtod in Figures 2 and 3, the fluid is admitted at J, 
causing pulsations to take place in tho cylinder 2. The working pistcm 3 is 66 
integral with the rifled extension 4, woiking iu a ratchet device 6, 6. The 
member 5 carries a rifled bush, au4 tt\iitable teeth 7,.eng^^ing ^i'lb similar te6th 



I 



N« 4350.— A.D. 1915. 3 



ImproveTnents w Rock J^riUs and like MacJiines, 

- in the member 6. The member 6 is free to move longitudinp,lly in the direction 
o£ the axis of tho piston, but is prevented from revolving bjr longitudinal 
sliding keys 8, A spring 9 presses the part of the ratchet G against the part 5w 
When the rifled extension 4 moves longitudinally, it rotates tue ratchet 5, but 
• 6. the form of the teeth 7 is such that in one direction they hold together, but not 
in the other. In this way on the down strake of the piston the teeth slip, and 
the piston does not rotate ; while on tlie up stroke of the piston they bind 
together^ and the piston rotates. The piston rod is thus rotated slowly in one 
dii^ction, in order to turn tho cutting bit. The piston 3 is integral with the 

10 rod 10, Gliding in the bush Jl, whicn carries the chuck 12, holamg the di'ill 
bit 13. The piston rod 10 and the drill bit are perforated in the centt*e by a 
passage 14 ending in a cross passage 15, communicating with an- annular 
chamber- 16 ai-ound.the piston 3. In the forward end of the drill body 17 a 
stiif spring 18 is provided, held between the flange 19 and the bush 11. The 

16 bush 11 is free to. slide longitudinally against the spring. 18. The piston rod JO 
carries a strong flange 20, supported by two springs 21, 22, forming a con- 
denser with the piston working the drill, the spring 21 being stronger tlian the 
spring 22, in order to provide for the return stroke of the piston when woi'king. 
The operation df the 'insixunien1> is^as'^ follows: — 

20 The pbls^Ltibhs of the liquid entering by the code 1 transmit motion to the 

Siston rod and drill bits, the inertia of these parts being^ conveniently balanced 
y the condenser formed hj the springs 21, 22, and the piston 10, in the manner 
explained in the Specification of XfOttei-s Patent No. 12,488 of 1914. . The cutting 
of the rock is effected by the percussive movement applied to the bit 13, and the 

35 rotation is effected by the ratchet 5, 6, as above described. A leakage occurs 
between the piston 3 and the cylinder walls 17, and through the annular 
space 16 and the passage 14 to the end of the drill bit. If water is used in the 
system, a continuous flow of water will- thus be produced at the drill point. 
This play should not bo excessive, as is the case m the known drills operated 

.30 hydraulically in which some or all the exhaust water is used for washing out 
the bore hole, cmly a very slight flow being allowed, so as not to interfere with 
the working of the instrument. 

In the form of the invention shojs^ in Figures 4 and 5, a generator is 
aiTanged to drive two drills, 30, 31, mounted on suitable tripods 32, at a dis- 

36 tance, for example, of 500 feet, the connection being made by a liquid column 
in 1 inch steam pipe. 

The water is supplied fi*oin the tank 33, and is pumx>ed by tlie pump* 34 to the 
pressure tank 35, in which a constant pressure of about 140 lbs. is maintained by 
an air cushioTi 3G, and suitable back flow 37 back to the tank 33. The spriag 38 

40 of the back flow valve is adjusted to maintain a suitable pressure in the tank 35. 
A non->return valve 39 is provided betweeTi the constant pressui-e tank 35 and the 
pipe line 40 leading to the drills. A capacity 41 is provided, as described iu 
Application for Ijetters Patent No. 4349 of even date herewith. The capacity 41 
is connected to suitable drills by the pipes 42, 43. These pipes may be pro- 

46 vided with condensers or inei-tia devices, as may be necessary to keep the pres- 
sure within reasonable, limits, the numbei' of these depending on the length of 
the line 42, 43, as explained in the Specification of Letters I'atent No. 12,438 
of 3914- In the example illustrated with no condenser between the pump and 
the drill satisfactory working is obtained at a periodicity of 500 per minute. 

60 The drills 30, 31, may be of the type above described, and illustrated in the 
accompanying drawings, and may be mounted on suitable trii>ods, and provided 
with ordinary feeding devices, for example, a hand wheel and scr&yy 44. 

Having now particularly described and ascertained the nature of- our said 
invention, and in what manner the same is to be performed, we declare that 
66 what we claim is: — 



1. — ^A rock drill or like re^ipi-ocating apparatus^ operated at a distance from 
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a power generator' by meanR of a series of periodic variations of pressure and* 
volume travelling alon^ a single liquid column. 

2. — A rock drill or Tike reciprocating apparatus, as claimed in Claim 1, 
having springs co-operating witii the reciprocating part in such a manner as to 
form a condenser adapted to counteract inertia effects at the period of reciproca- 6 
tion employed, 

.3. — In combination with a rock drill^ operated as claimed in Claim 1^ a con- 
denser arranged to pei'mit a flow of liauid through it* 

4. — rock drill- operated by periouic variations of pi-essure and volunio 
travelling along a liquid column, as claimed in Claim 1, and having a leak or 10 
spray supplied with liq|uid from the liquid coltimn. 

0. — The improved drilling plant operated by periodic changes of prassm-e and 
volume in a liquid column as hereinbefore described and illustrated in the 
accompanying drawings. 

Dated this 19th day of Marah^ 1916. 15 

MARKS & OliEIlK. 
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COMPIiETJE SPBCIPICATION (AMENDED). 
Improvements in Rock Drills and like Machines. 

We, QocitJ C5oNSTANTiNK,sc:o, Ifiiigincer, of ** UBderwood S, liicLfield lload," 
Kow Gardens, Ijoudou, W., and Wai/pkk Haddon, Engineer, of W2, Salisbury 
Square, Fleet Street, liondan, E.G., do hereby declare xhc nature of this inven- 
tion and in Avliat manner the same is to be performed, to bo particularly 
6 described and ascertained in and by the following statemeut:^ 

The present Invention. relatei> to the application of mothods of energy 
transmission by wave luotion through liqnids as described in tlie Specifications 
of Letters Patent No, 9029 of 1913 and No. 12,438 of 1914 to machines sucli 
'as rock drills or analogous i eciprocating machines. 

1^ I31 the said sjjecifications recijirocating devices are shown which are operated 
by wave motion through liquids contained in two or more liquid columns con- 
necting the generator with the machine operated. ^ 

The invention ottusists in a rock drill or like reciprocating apparatus operated 
at a distance fram a power generator, by means of a series of periodic variations 

Id of pressure and volume travelling along a single liquid column. 

The invention also consists in a rock drill or like reciprocating apparatus 
having springs co-opei*atiug with the reciprocating part, in such a manner ns to 
form a condenser, adapted to coxiutex-act inertia eSects at the period of recixiro- 
cation employed. ^ . 

20 Th e invontion — tmrther - oonai o iio in oombini at ^ with - a roclt: di'ill operated a a 
abovo deaorib e d a eondcnuer iirrajiged to permit of a How of llqnid thiough it . 

The invention also consists iu the im2>roved applicaiioiiB of ti'ausmlssion * of 
power thr<iugh liquid columns by wave motion liereinafter described. 

The apparatus required according to this invention comprises a suitable 

26 prime mover, driving a pnmp^ a single line of pip® connecting the punlf> to a 
drill constructed as hereinafter descnbed, and if desii-ed, a capacity consistiug 
of a large vessel filled with liquid in connection lyitli the pipe. For instance, 
in a plant a<lapted to drill, a two-inch hole in hard rock, at Iho rate of about 
. two inches a nunnte, there may be employed an electiwriotor of five hovse-powev, 

30 driving by a bolt a jmiup having a piston of diameter inches and a stroke 
of 2\ inches. A byc-pasrs is pix> vided by which the jjunip can be Jiiii up to 
8p<^ed without being placed in conneo^ioJl with the "[upe lendfntr to the drill. 
In proximity witJi the pump, there 'may be provided a large ve^isel with rigid 
walls, aiid of a capacity of 640 uubic inches, a suitable cock beiug provided by 

36 which the capacity can be cut off from the lin& as desired. The connection ' \vi th 

{Price 6<2.3 y'^^S^ ' ' I 
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the drill is made ihrougk one-inch wrought iron steam pipe, a length of- , 
660 feet being used between the pump and the drill. Tbe drill itself may be 
constructed as hereinafter described and illustrated. 

The operation of such a plant is as follows: — ^The motor is started up, and 
the pump run xii> to speed puwping thvough the bye-pass, the speed of tlic 5 
motor being regulated to a given value, so that, a given number of rociproci;- 
tious of the pump talces place ])er minute. In the plant heieinafter described, 
600 reciprocations per niiiiiite are employed, and the initial pressui'C of tho 
liquid (which may be water) in the pump and the line may he 140 lbs. per square 
inch. Tlie cock connecting the capacity to the line is now opened, and the 10 
bye-pass cock of the i;amp closed. The result is that the impulses giA'On by 
the pump are communicated to the capacity and to the liue, and each paiiicle 
of liquid in the lijie will be set in i-ecipVocating motion about a mean position. 
The whole mass of liqiiid in the line, hoAvever, will not reciprocate as a whole, 
but a series oi periodic changes of pressure and volume will travel along the 15 . 
pipe. The liquid in the noignbourhuod of the ]ii8ton is alternately compressed 
and expanded, and the changes of pi^ssiire and volume travel along the line 
with substantially the velocity of sound in such a liquid column. 

It will be seen that the workinjj of the anparatus thus dei>on.ds on the conw 
pressibility and elasticity of the liquid in the column, and that the power is 20 
transmitted hy a true Avave motion. In the particular instance lui-dcr con- 
sideration the wave length woiild be about 000 feet. In the c'xaniplo given, 
the leugth of the wave is substantially the distance between the pump and 
the drill. Other distances, liowever, may be employed, suitable condensers, 
as described in the Specification of Iiellers Patent 2^o, 12,438 of 1914, being 25 
employed to counteract the inertia of any length of the pipe beyond a multiple 
of tho wave leugth. 

A part of the apparatus hereinafter described conipriges a condenser ac hip ted 
to allow a limited flow of water through it, gud tho drills arc eonstructcMl with 
apertures allowing the water to pass through them, so as to provide a stream 30 
for washing out the boring. This leak, however, has no. functi<m in tlie driving 
of the drill. When the impulses have been turned on to tho line, as above 
described, in order to slart tlie drill, it is? merely necessary to tnrn tho cock, 
admitting the pnlsations to the end of tho'drill piston. The longtli uf stroke of 
the drill will vary according to the extent to which this cock is oiicned. 36 

Referring to the accompanying drawings — 

Figure 1 shows a condenser arranged to allow for a coutiuuoiis flow of liquid 
between tho genei*ator and receiver. 

Figure 2 shows a combined condenser and rock dj-ill- 

Figure 3 is a section on the line X — of Figure 2- 40 
Figures 4 and 6 show a generator arranged to dHvc two drills mounted on 
suitable stands. 

In the condenser illustrated in Figure 1, the condenser chamber a is pro- 
vided at the two ends with an internally projecting cylindrical portion 6, 
in which the ends of a hollow piston c slide. The hollow piston is cloped at the 45 
two ends, and carries' in the middle the projecting flange d, which allows 
clearance between its circumference nnd the walls of the chamber a. This 
flange serves as the abutment for the springs e, which normally keep the 
piston in the mean position, as shown in tho top half of JSgure 1. The lower 
half of Figure 1 shows the position at one end of tho stroke. Ports /, g,' f\rc 50 
provided at the two ends of the hollow piston, and ports 7i, /i, are provided 
through the internally pi*ojccting sleeves 6. This sleeve is of a diameter lai7»er 
than will fit tho piston at its ends, as shown at l\ Jr, and it will be seen that 
when the piston is at the end of its strokn, as illustrated in the lowor halt of 
Fic^ure 1, there is a free passage through the condenser from the right hand 53 
side round the anunlus between t!ie piston and tho enlarged portion of the 
chamber *, through the ports / and 17, and around the flange d, through the 
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poi*t at th(i left liaiid end, aud so out Ihi-oiigli the oiker eud «f the chamber. 
Xt will be rieejr therefore that in this ariajigejuent, at the end of the stroke iu 
eacJi directiou there is liec passiige for liquid through tho condeoscv. Jjevices 
• of this kiiuL hoioexe't fo-nn no ycvri of fhe iftesc^it %^ivention In ft ate chiitned 
6 in otir hettera l^atent l\'o, 26,62o of 1015, 

Instead of providing special iuc:a,us for allowing a leak at the ends of tbe 
stroke^ as above descrit>ed, the pisious nia3' be uiaite u loose fit in the cuiidei\ser 
cliamber, so tliat there is a constant leaJ>age Iroin. one eud to the oih$>r.- 

In the rock drill illustrated iu l;*igures Z aniL the fluid is admitted at 1, 

10 causing pulsations to tnke ^dace in the cylinder 2. The working piston 3 ia 
integral with the riiled extejision 4, working in a ralchot device 6, G. Tlie 
niemher 5 carries a rifled luish, and suitable teeth 7, engaging with similar 
teeth in the member G. The rucmber 6 is free to move longitudinally iu the 
direclion of the axis of the pistou, but is prevented from revolving by longi- 

15 tudiual sliding Keys. 8. A spring 9 pi esses the part of the ratehot 0 against 
the part 6. When the rifled e^ctcnsloii 4 moves lougitudinall3'^, it rotates the 
ratcliet 5, but the form of tlie teeth 7 is such that in one direction they hold 
togcllicj", but not iu the other. *lu this way on the down stx-oho of the piston 
the teeth slij), and the pislon does not rotate; while on tiie up stroke of the 

20 pistou tliey bind together, and the piston rotates. The pistou rod is thus 
rotated slowly in one direction. In order to turn the cutting bit. The piston 3 
is integral with the rod 10, sliding in the Imsh 11, which cai'ries the chuck 12, 
holding the drill bit 13. The piston rod 10 and the drill bit are i^erforatcd in 
the centre by a passage 14 ending in a cross passage 15, communicating with 

25 an annular chamber IG around the piston 3. In the forwartl end of the tlrill 
body 17 a stiff spring 18 is provided, held between the flange 19 and the bush 11. 

y, The bush 11 Is free to slide longitudinally against tho spring -18. Tho piston 
rod 10 carries a .strong flange 20, supported by two springs 21, 22, forming a 
condenser Avith the piston working the drill, Ihe spi'ijig 21 being stronger than 

30 the spa'ing 22, in ordex- to provide for tho I'etnrn stroke of the piston when 
working. . . 

The Opei'ation of the instrument is as follows: — 

The pulsations of the liquid entering by tho cock 1 traiiHniit ' motion- to t:Le 
piston rod and drill bits, the Inertia €jf these parts being cojveniently balanced 

35 by the condenser foraied by the sprijigs 21, 22, and the piston 10, in tho 
manner explained in the Speciiication of Licttej^s Patent "No. 12,4I^S of 1914- 
The cutting of the nick is effected by the percussive movement applie<l to tho 
hit 13, and the rotation is efFccled by the ratchet 5, G, as above" described. A 
leakage occnrfe between the piston 3 and tho cylinder walls 17, and thi'ongli the 

40 annular space 16. and the passage 14 to the end of the drill bit. If water is 
used in the system, a continuous flow of water will thus be pi-oduced at the 
drill point. This play should not be oxcossivc, as is the case in the known 
drills operated hydruulically in which some or all the exhaust water is used 
for washing out the bore hole, only a vciy slight flow being allowed, so as 

45 not to intorfei^ Avitli the Avorki ng of tho instruminit. 

In the form of the invention shown in Figures 4 am? 5, a eenerntor is 
arranged to drive two drills, 30, 31, moimted ou suitable tripods 32, at a dis- 
tance, for eTcample, of 500 feet, the connection being made by a liquid colnmn 
in 1 inch steam pipe. 

50 The water is sunnlied from tho tank 33, and is pumped by ihe pump 34 to 
the pressure tank 35, in which a constant pvesaurc of about 140 lbs. is mnin- 
tained bv an air cushion 36, and suitable back flow 37 back to the tank 33. The 
snrtuG: 38 of the back fl.ow valve is adiusted to maintain a su liable pressure in 
the tank 35. A nou-i*ctnrn valve 39 is provided between llio constant prps<»nrc 

65 ^ank 36 and the pipe line 40 leadini? to the drills. A capacity 41 is provide*!, 
aft described in Application for lictters Patent No. 4349 of even date herewifh. 
The capacity 41 is connected to snitablo . drills by the pipes 42, 43. These 
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Eipes may be provided witli condensers or inertia devices, ns may be nccessaiy to 
eop the pressure witbiii reasonable limits, the number of these clepciiding on 
the length of the line 42, 43, ns explained iu the Specification of Letters Patent 
• No. 12,4-^8 of 1914. lu the example illustrated with no cojidenser between tJie 
ptiinp aiid the drill satisfactory working is obtained at a j)eiiotHcjty of 600 per A . 
minute. 

The drills HO, MJ, may be of the type above described, ajid illustrated in the 
acitomx^anying drawin^js, and may be mounted on suitable tripods, and pro- 
vided with ordinaiy feeding clcA'jces, for exnmple, a hand wheel and screw 44. 

Having now particularly dcscrLbed and asceitained the nature of our said lU 
invention, and ui what miinnor the same is to be performed, we declare that 
Avliat we clnim in: — 

1. — A Mck drill or like reciprocating apparatus, operated afc"a distance from 
a power generator by means of a. series of periodic variations of pressure and 
volume travelling along a sinf^le liquid column. 15 

2. — A rock drill or like reciprocating oppai-atus, as claimed iu Claim 1, 
having aprings co-operating with the reciprocating part in 8uch a manner as to 
form a condenser adapted to counteract inertia effects at the period of recipro- 
cntion employed. 

— In Gombiuation with- n - rook drill , oporn>tod ao claimed in Olaim 1 ,-^ 5fO 
condenser arranged to permit a flow of liq[uid through it . 

S 4. — A rock drill operated by periodic variations of pressure and volume 
travelling along a liquid column, as claimed in Claim 1, and having a leak or 
spray supplied with liquid from the liquid column. 

4 — ^Tho improved drilling plant operated by periodic changes of pre^'suro 26 
and volume in a liquid column as hereinbefore described and illustrated in 
Figures 2, 3, 4 and 6 of tbe accompanying drawings. 

Dated this iSth day of March, 1915. 

MAKES & CliEKK. 
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